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:;^feiiiii!SHiiltM^ 507 .and SQS} t!l| ' 

i's^Oli^iitesM'ihey^^^^ ■written into tf^e syne^hfpiiir'iSSiSite&Ri,, iSf 

controiiabiy ifecreasing -(via 604, 507 and 508) the- duration of a second prederermined nurnbsr of iritewais (q-p) 

• ?£iinng which data hits sr@ written into tha SiyfleiirOSiZsr. 'A:^ is ^Ofesd tCi:::|| JiS ^tSr^^ 

siuffing bit DOijitions occurring during eaci'i of the first prsdatermir.sd number (p'i of intervals and a non^data bit 
(Ai :s 'Wveo to D8 ,nciix1ed )!! oiis Of the sluffirig til po-sixiGn!; oo.-u'>-ina dunro each of tne second 
pr60stsrrninsd numbe- (q-o) of iriiervais. nvsnH-AD 
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DfOiTAL ?=RAM£ SVHCHROHIZSH 



r^;u«»iOf^ Of waitsng time jittsr. 

.,,0 * ^^^^^^^^^ 769 4?7 Sted August 28. -.885. When th. incoming «a « ,s a 



The problem of wai^ng toe litter assocmted with a .o-cail.d P^*^! ^tTvSll^'"^^^ 

oene-atin- fram<=s having a prescribed trame interval Dy controiisbiy aQius.ung the nu^-nbsr ; 
Sraccom^^id i. icn of the frames 30 th.t . desired fractional stuffing .aOo reasonably greater tn„« 



■-c-ufnna dynn-< saci^ of die f.rst predetermined nurnoer of snter^ass ano a -^on-ua.a bu iS 

'"'TSn. er..oecim.nt of the -.nventio.. a ..e.ir.d .Yactionai .tuffi.g .atio for obtair.ag an -•=eplable vdue 
wa^g turn ]i«a. : rea.zed .y employing a so-cai.ed :^^;:^:^J): ;.::SS. 
stage- snciuass an asynchronous stuffing arrar.gerr.ent having a oes^red rrsctior^d ^^-^J^f f t;,^^^^^ 
;;'ali.d .ntermodiate fran.es. A second stuffing stage ir.ciuoss a .ynchronoos ^''^'^9. ^'^-"f?--;^": 
«i desired output frames A predetermined n.'.b.r, o, of ^ T^^^!^ ^^l^^^^ 
mmmM T^uRi-f^asra, -or a tirsi predSTermsr^d number, p, of snte^med.ate trar.es ,r .hfc ■■■uli ..«m« 
oT*; L^iu«^ bit position, is forced always to ind.de a data bit. Th. olhor stuffing mt pos.ron can 
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b<5 eiir^sf stuffed or oqi For a second predeterrniftsci ri'jmber. q-p. intsfmediat© frarr.ss.. ons ot y-s ;wc} 
'.tufting b.t PC ^ o .r* ,~ j --'eJ " -a y u 'c ecs rg ho . s - u-or ic h a o > ^ e c l 



I'htJ otnsr sttiffing bil positfcrs can be siiher stuffed or not. Therefore,. Vne stuffing ratio icsr trie c 
•'.a-'-es tv.~on,fc-? o V J) a-c *e =;t.- , tr^e c; i •<. -e>a:-^ t ? be .Nrr-? fC' 

The desn-ec! fractionai sluffing ratio, p-Q, sor each frame ir; ith? 'WO stage embodifnertt is ofciainsd if? 
accordance >,'vim an aspect of the invention, Dy cor5t'ofi3bly increasing the nominai nunnber of in.cof--;i;>G fiata 
bus acconrr;od«ied for ihe Urst predetermifVid number of ;nlerr?-:8.-iiats h-ames j^nd. then, controiisbix, 
dscr©asi,ng the norr.inai number ct incoming data oils accommGdafed ior th^s seconc pr8dstfc-r:iined nijma©.' 
ot iriiermsdiars frarr.ss of an intsm-sdiata -nuiii-frgrne 

!dtern^:s:di:s«® ■■muiti-irame are iesSi0:>&^:^'im^i^ stuffirsg bit positiGns:;t|; •jr^«Slwi|::f f 

first :pr$<3et®fmi:nsd: mmhe. df iTSSJrpeditss^'frSf^ on® of thi^;^s^i.||!n|^;ii|p 

f'^'Ojna 0 edrt. i^ n, o nyuibet cf irtermooimr- Vriftvs a-d b. cr^ ^v.n^ i" teiTecJ cte v! **^a: 5 

vss, , c<rfS!!f=d 'Jt-xt C^o^K ii s j^te^. C(-o fs h- t a^^c ^-io irtprv^ ij^f^ i ^'-^'-s - 
tne interval She inres-rnediats fr!U!t!->fr5!me is sqiia! to the interval of ;in ouipijt rriuiti-frarrie aiso ri^ving a 
totei nurRDsr, q. of frames. Desired output frames are cbEasned from t?^e second stuffing stage »y inssd^ng a 
non-data dit in tiis one of ttio ;5iofiir;.:! t'it positions in the second predetsfrriinsd nurfsber of intsrrrjsdiate 
frames tiuii was eiirriiriate-:; :n. itie intermediate rnuiti-frame .and, then, rssding the fracTses out the output 
V diodf<''raiB,^'^'?'-'''', 

n c'i'-'nor o -<o- t i ^he mvenvi, u . - ir t ^ -i ^ <-nnfc ^c3 to 

Qbbm a fraotonaf stuffing rai;o tnet vieiiis acce^ianie waninn is-ne ji-tei vaiuo, Tne dcssred f-actsonai 
string '..tio s -ibta.n, < mi i t v o'l . - n.iii i ams 'or na- nav!% =. > -otm! -ir. H t moe! 
j ot 'rarnss Thss r^ult f^n< nnnt i-^; ^sn' . I'O %itOd' '^M.-fa'ne < - o^- n o s 
genir-rarstri by the r^^o ,t.n- -'tni i nrt ,i<e-iO'^t -or a first pn5det<?rmined r.r^lf-t . >> i in'>-^^ n in 
niLito- frame, one os tne u«5 otuttng ost r'->r - ^ f "s."' to -'Ciude a o -t > t.^ -^^ , ^ ,i n oi 
•:;|i|lii|:i|Silii:::s^^^^^ second predeterm(r;»d number, q-p, of franies, one of *8;|||y 

iiiii|lii;iii8i:3iiii rsori-data bit tbereoy dscfeas;ag tiie data trsi^spod capac!t||||| 

the frame by one bit The ether stufftrS'g bU eosinon can bo e^ft^e; ^.i;;f;od or not 'f~nen. the .:;osi!red fractional 
Mn i 0 I o f i ^ii r ,u incf t vi ' jf i - ^ < i jsi io i i ^ 

lim . h^ Pi. err I = n,!( i i \- Em i - n io I t - i ■ '> t» oi'='0<:r,.tfn v< 

iii, n^e >f tiin- .'m r ie 'C' nt . >v.s„ o-^o nvn' \''=' ncom m ■'s a i I've Far 
into the efKS?:C f-':>n;: ■:ionng the second predeteri-ninec numoer. q-its, oi frames of Ib-e muih-frafj-ie, 
i Css^seqaerstlyv a desired fractionai stuffing f^^^^ 

Th6 increaiso -^r ■■;iece.;i.e in tne riata wntten li^vo tde sfastsc stors for each frame is roaiissd, sn 
Sdd'srd'-.dce 'Vit 1 ir , s ent t > ip ac ^ rue in v e %it - sr-c c w te a Sie-.* ? ch -^g 

feme rfefative tt t\) ^i. ~ k ^ .'ft ft^^o aeon o-- . it n 'imn "^"^e istced vvntd af^df<rs? ara the ctc'^ej ,-'aa 
add!P«s c V^<^ la u t^r^ . fotieau i>.. iv. a^o > ec c ^ <ri he a b ur^ o tiO fO'' f""- ' ane ^=0 
th-;--s first prscisrefmined number of frames, tbe occurrence of iatcf-iii^g the wnte address is delayed reiative to 
the occur rtjfice of iajching the read address, ti^ereby increasing the jriterv-a! that data is written into tbe 
eiastic $tote for sacr, of the first predstern^ined number cf fran-iss. The decrease in the datsi wntten into the 
eisst-c store dunng the second otedeibrminr-o ,!-imber ot 'names is reaf!::5d by advancing the deiaved 
.courenc^ cf lat-rijg h vf , .o< ~ i-^t. i^^^m - V ti'-a .-ceis;vsd coMtvii 'ei:j?t a a he 
occLifrencs of iatching th© read address, Al the end of the mui^i-fram.e tn& net delay of the ^A'riis addiess 



B'-ief Ce?^op?!Oi o. ^ : 

FK3. 2 depicts in simpsified bfock diagtairs fcm-i details of an 8iT;Dooi!Ti8nt ct the invention that 
includes t\vo stages of stuffing to obtain a desired f'actionai stutfing ratio which yields ari acceptsbie v-.'aiting 
flimdJlsMerwaiU©^^^^^^^^ 
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RO, 4 m..feates in sUnp^med ron-n an outp.^ .^ultHrarr.. also u.efuS In describing the e.^bodimants 

:nci..ni siore for obtaio.rg s dr=3.r,d frac.t.>nal stuffin,^ .atK. vvi.ch an accep.aoi. wa^t.-xj 

'''''' -''^^'T-iuSatss m ssrnonfiaa for., another .nuUHrar^e ano the relationship beb^'een write 



iilili|iiii£d£HHi 

"o-iiiofis naT-eiv SI and S2, v-/hich provide for positive arid ne.38tive stuffing. Aopiicant's mvenfcon 
?4i?''otl.d i.=r..a a ao-caued forced positive stuffing ratio in s.ch a channel frarr,. format o.i not 
iific flr-at 3t.o.n ,n FiG t. For simpHcUy and cfadty of de^or^ption. a. ..<ampte . bang 
SSlld hi-^S .hk^ r.^at.. to the .o.-kncwn OS- Puis. Ood. Modui-atfon (PGM) d^9>ta; format wn.n 

iiiliiiiiliiiiiiil*! .^^ cf..nn.iimm,vl».^:^f Mai:^nMmber^.i ; 

irKim.m ovM bits is N« 832 bits and the nominai number of '.ncoming data D.t8 per trams. . s M^. 
fcits. Hoivsver, .t ahouki be undsrslood tiiat applicant's ur^^ invsotion equaif/ apphcsb>8 ,o othe, 

a shows in simpsified block diagrsm form oofc embodiment o? applicant's uniou-? invention for ; 
.xna.nI-i9VlC.ad -iacno' J , f-- u.u. >i.r,n. . H« v. o uj . > « < 

liipiiiiliiii iiiiWjitPni:*:iif^ p^Mp^a second stag^^d^^^^ 

wmm^mimm 'm^Oll a 0S1 signal is suopiied to ths !>A1A ,np«t and ::tte:::eS::h:'^! -5=^14. '■ 

c J Signal (CLKIN) i. .u::,-.d to ... iN ir.n.t of asynchrcnou. 3toff.n, unit 201. ^^^^^ c 

1«663 MHz and :s used to g-i-nerate me if^r«rmsriig-e frames, in atrcordance w-irs an 5=sy*ct 0; me ''^"^^^^^ 
as wiH ise explained ners.naft,- ihe ClKSNT dock signal is also suppi^ed ^J^f'''^'^^-^:^;-';:^';^ 
20^ whicn >o ^v^ .-u. .ufnr > . <t CQi tO ge' erat.- nb tonn. d u^e f auv or->a d&u .o_ . 
dcscibeo -.---^^ . .n<'^' if^'" ^ ^'"'^i'^Q '-"'^^ ac'-.^aqeopsiy ?.-T.piov'^c m th?e 

enuoo me.n'^n^ ^ho n , n t n ' ; ssnf? u-.soue nte' eo atu> f'-.rfs fo.fr<ut are know- in iie a,t 

, See. fcr example, *e anicles ..:.ded above entitisd "Waiting Tims Jitfer" and "JUter Characteristics of Pufee 
Stsj^lfnq S^nchronizstion"- / ■ "■ ■ ^ , 

Sv;chronou.-5 s.tL.ning .na ;:0? supnli^d .v.ih th,5 intcrrr-idiate frams output or async.^.rono>.,s oU<rt..g 
unt ^3 and Cl^.f^S ^O' gencat iq urdsr i ooi<-c lyto r ^ amo ictnstter ^05 a,- oiuoU tm- 
int-'mediat« fra^e forn,atter'"2t)4 and an OLsfput ciocH fCLKOUT^. signal, output frames hmnQ a dessreo ■ 
5 rr>a^and.c-fer8..ta.tcpat^tu'!«0,ato Sucn sy .honcx.3t.ft ^ ^ ^" « ^ f ^J"*"^ '^t'"" ^ ».r^uT 
Clock converter 203 s« employed 10 cenerate, in mis mamm CLKiMT ot 1.683 MHz irom the CLKOUT 
of 1.604 MHz. / : ^ ^. .. 

It-- ^ratre .^yncrton ".^ v m 1 G 2 ren^^ratss a d^^ssred ^sywhK-^nous j=n«*fno an. . 
approv m..tc y The Qc-^u 'd r t,. r o„ a.p,- Pn e ^Oicxtng asyv^i-onous st.^^.n< ^n<t X1 

r. dor Ota of > KIM and n^erT^Hlmte or>n<tte 20^ .0 a=^.<^ch onou-iy stu^ tHo -c^msng Qhl <'ata 
ssgna! ^oto m interrriediase fra-ne format at a reduced rate, CLKIHT, reiative to a desired output rate, 
CIKOUT Thar, the oufp.ut from asynchronous stuffing unit 201, in the interfflsdlats frame ror^at sf,ow'n m 
simplified form in FiG. 3. is %-nchronou..iy stuffed in .synchronous sfuifing unit 202, under octroi of output 
,are rorma' e. 205 n rcnsu^ouo.. a iPtannectare ra nc '04 ana CL<Ot! 'c qor- is «n 

. auxut nat-frarc o^at as wown in ..n-^os-f-n r.tn^ ,n ^i<. CUrsu: t an*^ tornr^axte ;-)t. s ms;:ons,vo 
to -n Htot Tsom >i .-medmr« f-s-o <- "arer Ji^^-t w aor.ro.ac y nse b>\ a n-r-na^f t n 
appropriate stuffing bit oosition in the so-cafsed :<-frarT^,ss of the output frame forjr.at of FfQ. 4. ^ 
■ Ooftrstion of asynclironous stuffing unit 201 and synchronous stuffing unit 202 ss to sveniy G:stnbutB tns 
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muhi-frams. The overai! intefval of the htermediate muu'i-f=-ams is ^jquai to t^e overal! intes-^/Si th« OU'p'Jj 
nt-iii^frait^s-#:«iwgvfe in the^: ii^rsslilililarnes ar^ n du^-stioo for ;h« 

fi.'i pfetiet9r..insd^ number of frarrK!? and shorter .rt d.rat-on for the second predeterrr^ined a^mbm oi 

:a'r" a csato U and the a p 'rames, i e tne isr.orl frames, h«vo a oats tianqxri c^pocUy M b.;s becau«5 
one of trie stuKinq bit pcsitioos hss bse-i oiirn^natec Simiiariy. Ehe p (faiTi«s «ach ^avg s totsi or ha bijs, 
whiieti^^i a«9'#amsS''sash' ftase'U totals Of 'i^'i^ fe^ts.- IliMis^^^^^^^^^^^^^ , 

stiKlinq" unit 202 ai the desired output clock rate CLKOUT. The d-fran^s of tns output _ rnijUi-srarns 
i;:re ron. ^< ^ o a ^ v . ?i - - . . n q Cf u"=.tr - .rJuues ^^a . O 

jililKi ■ ■ ets<o:u T {t | |fr: • -i t * : ■ , . . ^miMBrnMrnk , 

sS^lli^C^Kri^T is *t sti^^ thSioytpsJ^: ciOGl^iratSEtJlS stHe number ov Song ov 

::iiKg:'^q:^#«^'ti5M^ n-ames :n the muin^hsmB mdm. !S,,ths.outp«rjr|mi5;^|p::i^^ 

liii|&: Oi:lsyf ;« i^^^ - 1,Q - 2 and FR - 2KN:& aod, conssCiu^iniiy.^K^^^ 

(2) 



P N 



-I- (1 ' 



''■!mie Is the t't-.Q'{ (fq-D) frame) kilerExsediats fsame intervai, 

t,j , n( ft ■ v-s, t-i8 da-a f..i-pci c.paritv - i cts, ar- be nommi j!-;orT«n3 dav 

for each of Usvs ic^ixj iramfes 's M R; bits. The imn^ediats stuffing .--atio. S< fof the tong frsme insn becoir,ss 

^for eml oife©: short VamaasSjlln^sdMaiir^i 
?he averagss styfling- ratio over the ioteBnsdiate ■mum-frame iS 



:i mm Mdm mmmm 7MMmms::Lmm'm 



it is noted tliai neither Si nor Ssis sxactiy though Shsy ar^ ::: , .:; 

\)iiM<,-' ar o-ariipi; m ti- a --Jj-^tpq la r o*' i :j s t-*o < e-^ ^ ■•-■^ ^^nrcnouc Oct 5 ^lioaaro- f-^ 
a synchronous 00^1 at an output dock rats CIKOUT of 1 ,664 miz. Then, p..q 1 2, N - B32 (H-3. f M 

The asynchronize- stuffing un.t kOi (FiQ. a) -rienefates, under controi of CIKINT and intermediats 
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■s stored in wdts address latch 504 ansd;;: . 

a bit shouid 



formatter 204, im.8n-r.ed:axe muiti^frams n.v.iQ ^vo (2) fmn^-es (FK!, 3k Ono of ths .ntermed.ate frames £ 
« iong {p> 'n-^^ S32 O-ts and „>nt tno -t<-r-8 <-< te r an5«? iS a .i^o' r.re - In ^ i^. 

T.^,; ,t^,*-YQ r=.t^.-> *or a frame can be defined S3 the data bit trsnSDOrt capacity tor tbfe ;rame less .-'e 
actuai r.JnCofe; ot data bUa supp^iea lo the frame. For each long trame. thp data transport capaoty iHQ.^3> 
77-^ bsTc vihm lh& actuaS nurnber of dat-; biS-?. .?uppii&3 during eac!^. iong frsms iS /. ■'2.464. 
CP-.^<.Ps--^., actual siuffina ratio fc- t.he lony irame tror.n equation S is S. -3.536. Sirnaarly. tor each 

iiliiliiliiiiliiiiiiisiiii -::t%ft:^:*^|*s4?l:; 

avgfaga &tyffip>9 ratio over the ini^rrmdmte n^.ulti-frame - 0.5, ^.hich is the desiraci stuifing ratio p.q 

iiiiii|iii^-ipWs-ln ^ siniisiliiiiliiiiiiiiiiifti^iiSiy ^jr«bodin^snt et tte ; invepticn ior;::; 

:iiiilii::|^^d@Srfsd;:tfa&tii3^ ^« ^^'s- s^^^^'Ste^'it is atso:. assurned: , 

itiilii^liiiiiigi 

output dock rate CLKOUT ia K6S4 MH., Accc^rdingiy. sbo-...n is ciasd-: store 50' to whrJ. data wrmen in 
.na DA-A if^l ano r^<*ta >ead oa v . o^-a Zin 'mro < f ■< . . , . fffP f Oi s c^n^ n ov . .e 
addresses 3S-.srat-sd fc*y ^f><PM counter 502 response lo «np^r ciock asgna! GLKIN. Agasr.. tn tt^is example, 
CLKIN is mrrmif''i0Mz. Write address latch 504 is also supplied mtb the write aadressss trcni vvr,te 
counter sa£ and Is emp-ioyed to latch, i.e., store, tf,e write aadrsss from counter 502 at a specuic .isunr ;n 
rsaconse to signal WAL^ Tmt ts to sav, tr-e wrne ada^es-^ s-Ksec r -idasess latcb fO-. ne , . a. a 
spsdnc s^'rits address iatchsng time (W.ALT) Slm,iarly raadino data cu' of elastic store 50 1 is cofitfol.ed by 
'■sm addresses generated by read counter 503 response to u< tos- -lo-x signai OLKOli^ .^ga>,-- . ' 5 
esamofe. CIKOUT Is 1.664 fWIH^t. Read address iatcn SOS Is aiao suopiied with the read addresses from, 
road counter 603 and Is smploym to latch, i.e.. store, the read address from counter 503 at a apecitsc 

;:iastaf^|i«^rSl|5dn§s::;:ii *s read address ■^•stored in read. addrssS' iaton bOS' - 

lii||i|liiii|iiSdi|iad- :idiiigS^Sf^jid!^ifi|'.:ti pAi-.T). The ■. 
fsad acidfsS'S latch SbC ih <o p_ »o c rif.^ .-en;;. ,i .m* .uh i cc mi 

surfed or not An output from snrtfting decision unit 50B >c sr.ppi.ed to read coonre^- '.u;s :0' conrroi.ng 

. '^>s.'o >n^. ..1< i> .m. h f n M i 

outDUtTfrom elastic store 50t as appropriate to form desired output frames :n conjuncrion mih ;rame , 
1 ,t.j f K ^! t hs! 1/ 0-^ ) a ^ to ^ E .1. ^ 5 nt i f( i , i la i» a 

delay reisrence Siqnai and under control oi ibe read address latching time (RALT) signai and a deiay selec? 
•sjgna f o- >,?i,rte f" maia §oa "ne - f^n vdb-t'^ni.y (k LFiM rs ^ xv< 

clock GLKOUT. if a delay lir.e is used In delay con'.:o. unst SCK' no delay reference signa! .s fecuueci. ^ 
A dsciainn whether to stulf or not is msde in $mm decision unit 506 ciyring each frame. Heretoiofs, 
. „ J, ^ ir X m«cs 0 -n; = -rr<^ . ^^imukaps Ov.' Ma t Q fr^^ ri - an> f^ad "ccrote & •* 

fix&d ii(f)'-' ar.a< iben comuanng tn^snr^. S>moitaneous iatcbiog of tne wnse and read addresses «t a fixed 'ima 
In oiach fi-a.-ne implies tbat the Ints-n/a! during which data is written toto the elastic store Is ©qua! to im 
interval durina which data is read osjt of the elastic store for sach frame, if an address gap between the 
write .^.ddress and the read address is below a predetemfned threshold, a decision to stuff Is mace, 
J other wlise no stuffing: decors. ^ ^ . •: 

tie hO' ' Yv> tanes <;fo geii8':ited oy Irime asser^bier 5C.^ T„ tiis enc tr '^e asse iba' »vt9 ts 
suppi:ii witn ove-head bits (OH) and the rjata out from elastic store 501. Assembler SOS under control of 
frame formatter 508 and CIKOUT generates output frames as -showr; in simplified i^cmr, in FiG. 4 and> for a 

specific eKamDle* as .shown In simplified form :m: RQ^^ 

^ in the embodiment of FiG- S. a desired fractional asyncriroftous stuffing ratio is obtained by controllmg 
siastlc store 501 So read out data in such a manner that an output muitbframs format ts obtained fro?r! 
assembler 508 as shown in simplified form in R6. 4. If the write address and read address were latched 
slft^uitaneousiy at a fixed time, as hsrstofors, the immediate stuffing ratics for the d-frames and x-frame.s 
ars one f t) and zero 01 respectively. However, if the writs address latcfiing time (WALT) can be adjusted, 
D io accofconce "dtb &r< aspect oi the invention, reiattve to the isad .^iddiess iatchsng rm,e (FtALT), a variation , 
in the vs'rite interval Into the siastic store 501 for a 'frame is obtained. Consequently, the numiDsr of input 
data bItS: wi^itten into elastic store $01 for the frame varies. This variation of the number of data bits being 
written Into elastic store 501 is turned to account: in accordance with an aspect of the invention, to obtain a 
desired ffactiGnaf'Styffing. ratio, . . 

s in cenerai, let WALT and HALT be aiigned ^n time at the end ct the last previous musti-frame cycle. 
Then, for the first d-frame in the muitbtrame. the WALT is deiayed by (i - p/q) Ui of the asynchronous input 
clock' GLKIN while RALT is not altered. Consequently, the wrifes interval into elastic store 501 is increased. A 
UI is a unit Intsn'ai which corresponds to one dock pulse. Then, the nominal input data rate written into 
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b.{s rsad out of €!ast.,G"5tore 501 remains u<.,5d at M - 1 D'ts Con^qus^ntly, she ,mmed.aH- st^tr^ng ^, 
fof the d'iVame beccxr.ss pq. For she ne>st d-rams, me WALT deiaysa oy :i<; - P'Qj o-- vvr.^ f«.^p<.c..j..< 
RA^ T 'hersbv p'-cv!C;oQ « net increase ol me wnte ^otervai !i ~ pc) Ui. Continuing in mra nn^n--&, 
WALT for >h,^ D-th d-ira.-ne is delayed bv Pd ■ P-qj ul relsiuve ic RALT For Ehe (p - v.-rh frame, .,e , 



5 WALT is advanced by p.-q Us mlh r&spect to the pre 



srvat is decreased by o-q US relative to- 



ihs rssd interval and the -^ominai ni^niber of inpyt data bits written inxo e!3s.tic store >s sv. - p.q b.... 
'.u'r>be! of Q^ia b ts .e3C o . . arn^ ^ o.* SO: ror thi. x t^^ne ^ M m^, --ne c ^ - o a.^ e . 
r8«o S. for ms x-frams becomes p-q. This advancing of the WALT Dy p^q of Tor eacn^x-jrame <-'0^"t^'«f^ 

jiSssiph^ di*?«f«:SGS' in. im immm : trss... occurrence, o> ^ ^ w «l s ^ v. n a.. . 

::^liillii:ilii^^ii^iiis3:iMlii^g ^o? •bs9mninO'..fif ■ :an:amar my!t>i-r3me: cy:^:is5 „ ^, , , ,^ 

t: T:li|:k:;ii!Sifieiiiaf^ :dsSfe^«ad^|rsg|;|<5|is|f stuning ra^io or 

and' ■ " " ■ 

tNs'toiiows since one Ui cf ihe output clock signal CLKOUT .s equivatent to M/N Ui of the input docK 

;:5§|gisi^:<3fe?«l!^rTHaR; l^a' 'ayerags: .stuffing •raflc mmmmM^^^:^ b&C(mB9, , , , , 



liiiliiiiiiiisipsi of fsg. i can iMiilili^ispf "^^^•^'^ii^:^ 
r^rtc i:/4^:Tj^s ::aesfr8di:TosaiiGn^^^^^ nM:T::fc)tmpmm^^^^^ 

;:#ii<:.:, :c^cte. • .Again. Mm£mmm.mm:(imm&mm ^^smm^':^^ :4m''<immm^W''^^ 'f^^^^-. : : 

■ • ■■■^setent^" '&MMm mim is:s^i^:sss:^«i^ ^ , ^ • 

->o'q Ui of the CLKOlT, Consequenily the writs inteivai for the d-frame has bssn increased by 3/4 UI oi 
ths CLKOUT. Tnus, tbe irT.rT,©diat8 sktrf^ng ratio fo^ the d-frsms, irorr. squatiori 9, is 0,304. For the nsKt 
fran^e in me muiti-fran^s. Le.. me first x~framg, the delay of WALT relative to R.^IT is advanced unaer 
cuntfo! 'J ffci'-e format9T 508 ^.r.i < VOOT r.n. ^ue -esave e,ay oen^ecn .Va„T anr H-U-^ ss no.^ ..^^ 
ii! '^.anwiy, 2p/q Ui ot She CLKOUT Cortsequentiy. the write interval has been decressec reiaitve lo fc.e 
read mTervii-iiii i*::^:^:,: ^^Q^' ^^^^ neiit x^rame,: tfeivdelay of WAL F 

,>:.lative to RALT is again advanced so fhat (m reiasivs delay is now \ '4 UI. narfi«iy, p/q UI of the CuKOUT. 

Again. m>Mm:i^msmm^^^^^ ^'-f 

ffame, the delay of WALT relative to -nALT is again advanced sc; ti-iat thdr is no delay issiwen WAL ! and 
RALt! Here again, the 'write intsrval has been decreased h& Ui of the CLKOU i . VMLT and RALT are agsm 
^•iigr^od in tistje for the bacjiritiing of another multi-fran^e cycle. Thus, the immediate stuffing ratio Sk ?or rhe 
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, ^ sv'^--^'^'-on;s«r in v-'-hic-h digitai signals at a first transmission bit rate are $yncbtonizi>c &y use of bit 
^ ^ ^oc^n- ni^r^r .o»o.,s^c. ate o- tarsriSoOn ^ o.'o> .--nie vr nc. .aving :i 

^*>na ^ ! .N'd rto s?.id vynmr^nu > ^vnaem a f-aci-o-a! stuff n*-; anc nb;o r?3 

iiililii^ii^iiiiiilifiii:la.'d^ ^mat^isp^s mmm mm^^ mmmm 

iii|i||i|ii|ii:idf ^^f:ricrsa^ in ■&m:mMm^ trmnm : tSe du^afiGnsef saiilirsliipr®^^^ 
intervals durinc wiiieiT data bits ars beii>g inputted inio said syncsironissr. 

rrv« sY^chfc^c^zBT «3 dgtined in ciairt^. 2 ci-^araciensed In tiiat said varying means rvrth&r comprises 
decr^assing si^eans for <isGr«asin§ in a second pra^scnbed ^mmf tm duration of a second prsasterminsd 
■^i^^ib-^' of in^rjfvais dunno whic^i bata bits are being snpufled inxo said synci^ionizer, 

4 Ti-ie syncnror-Jzer^ss defined in ciaim 3 cnaractenssd by adjusting rneans for adjiJSting the dfjfa 
UansDort cao-scttv of oytoul fram<5rs from saiiJ synchronizer, :r|>v^ 

5 Th^- sy^chfons^er as dsSneb >n claim 4 c!-5aractsfi;:&ci in that said ^.diusting jr^aans comprises 

: : ^^^^ ^^"^'"^ positions, ocourr^ns, . • 

i=>3rn Of said first pf^dstsrminsd number of intervals. 

i:.§ert>on n^earis tor inserting a non--38ta bit in a prsaetermif^ed one of stuffing m positions cccMrnm dursng 
each of satd second prsdeterminad numbor of intervais. , : ■y:;:.:^:' 

7 Tho siyncnroniser as dsftnsb in ciaim 6 i^naractsrized in iiiat said intswais are frame intervals and 
said nrst procefcrfnined number of intervais and said second predetermined numbBf of Intervals form a 
multi- frame naviriQ a pr8d9f®r.-nineQ totai numfcer of frames equal to the sunrs of said first and second 
predetefminsd numbers. . • • 

8 The, Evnci^rDHizer as defined in ciaim 7 oharactsri^sd in that said fredionai stuffing ratso !S ob^ainea 
for said muiti-frame and is squai i:q said first prebetermined n-smber divided by sad preaetermmed rota! 
number. , . 
;iiisl:siiiiiiiiipdh^i^iS^ ■ signais lit ^' a '■first ' feinsri^issfbd:" bit^^ m 'Q$&mm^mmm 

i:::v?pihdiiliilPiiiisini lor transmission in an output fr'ame fbrrSist,;: fifiars©t^rffied;'&y,:|^ 

::;:^liililr^i|iiiiiilii i^mmi m^»^v^^:&^Mf^^^ 

iftff itisn' |otb::;a::ii: Stdiidg' :Sy^ .and-, , „ , . , 

dscreasing the duration of a second predetermined numbsr of intervals during which Incoming data iOits 
;,.i#*ss«^isifsi::yiii wh8r®in.8:Md|br!alluffih9!rSg^ 

::>::t;(jS:?f5,il!^iiid::::iiiined m daim 9 further criaractedzed by. i'nsfnin|;||ds|a:-^ n-a.Stdffing Sit; 

Bi^m&mmMmSm<^ ^^^^ pf^deteri-nmed nur:.ber of \mrv^i:m:im^ 

■ :ilsi|tiiii^§ diif i0g:::e,adi5,.,gf ■ said : s^SGond, , presSeter rf^itf d:;ni^f bp;dl^ < 
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